Purpose This study evaluated the validity of the Patient Specific Functional Scale (PSFS) in patients with upper extremity nerve injury. Methods Following Research Ethics Boards (REB) approval, we included English-speaking adults, with greater than 6 months after an upper extremity nerve injury. Patient reported questionnaires included: PSFS, 36-item short-form health survey (SF-36), Disabilities of the Arm, Shoulder and Hand (DASH), McGill Pain Questionnaire, Pain Catastrophizing Scale (PCS) and Pain Disability Index (PDI). Statistical analyses evaluated the relationships among the outcome measures and the independent variables (age, gender, nerve injured, time since injury, work status, worker's compensation/litigation). Linear regression was used to evaluate the variables that predicted the PSFS. Results There were 157 patients (53 women, 104 men); median time since injury of 14 months. The mean ± SD scores were: PSFS 3.1±2.3, DASH 44±22, PCS 16±15, pain intensity 4.2±3.0, pain rating index 13±11, PDI 28.3±17.6 and SF-36 component scores physical (41.8±8.7) mental (45.9± 12.6). There were moderate correlations between the PSFS and the DASH, and the SF-36 physical role domain. The PSFS was significantly lower in brachial plexus injuries. The final model explained 20.7 % of the variance and independent variables were DASH, nerve injured and age. Conclusion This study provides evidence of construct validity of the PSFS for patients with upper extremity nerve injury. The PSFS is a valid method to assess functional limitations identified by the individual and can be completed in a shorter period of time than the DASH.
Introduction
Upper extremity nerve injury may result in motor and sensory dysfunction. Patient outcome is often assessed in terms of the physical impairment associated with loss of sensation and motor function and the impact of these impairments on the individual have been less frequently described. More recently, disease specific questionnaires such as the Disabilities of the Arm, Shoulder and Hand (DASH) have been included in the assessment of patients with upper extremity nerve injury and substantial levels of disability have been reported [1, 21, 22] .
Self report questionnaires provide an indication of the individual's estimation of their injury and/or recovery. Generic and disease specific self report questionnaires such as the SF-36 and DASH are often used to assess health status and disability. These types of questionnaires contain items that have been selected by the developers as items or tasks that are important to the construct or index being assessed. However, patients may differ in the importance they place on the specific items relative to their activities and lifestyle. Identification of items selected by the patient may provide a more accurate assessment of functional limitations specific to each individual.
The Patient Specific Functional Scale (PSFS) was developed to provide a measure that would assess functional impairment of patient selected items [29] . The PSFS provides the individual with the opportunity to identify specific tasks or activities that are difficult for them to perform and to rank the difficulty on a numeric scale. Good validity and responsiveness to change of this measure have been reported in patients with back pain, neck pain, knee pain and various hand pathologies [7, 10, 17, 25, 29, 36] . This scale has not been previously validated in patients with upper extremity nerve injury. The purpose of this study was to evaluate the validity of the PSFS in patients with traumatic upper extremity nerve injuries. We hypothesized that the PSFS scores would be strongly associated with pain and disability and would be lower (indicating more functional limitations) in patients with more complex brachial plexus nerve injuries.
Methods

Subjects
The study sample included adults who were between 6 months and 10 years following an upper extremity peripheral nerve injury. Patients with an amputation injury, a previous upper motor neuron lesion, or who were unable to understand the questionnaires were excluded from the study. Patient recruitment occurred when the clinical coordinator was present in the clinic and was from the University of Toronto Hand Program, Toronto, Ontario, Canada and the Division of Plastic & Reconstructive Surgery, Washington University School of Medicine, St. Louis, Missouri, USA. This study was approved by our institutional and university Research Ethics Boards.
There were 157 patients (53 women, 104 men) with a mean age of 41±16 years, and the median time from injury was 14 months. The nerve injuries included brachial plexus (n=62), single nerve in the shoulder region (n=14), median, ulnar or radial nerve (n=75) and digital nerves (n=6). The dominant hand was injured in 95 cases and 50 patients reported involvement of workers' compensation or litigation. At the time of the study, 81 patients were working, 55 were not working and 21 were students, retired or homemakers.
Testing Protocol
Following signed informed consent, all patients completed the questionnaires at one clinic appointment. Demographic data were obtained and each patient was asked to complete these questionnaires; PSFS, DASH, SF-36, McGill Pain Questionnaire Short-Form (MPQ-sf), Pain Catastrophizing Scale (PCS) and Pain Disability Index (PDI). The order of the questionnaires was randomized and computer software was used to generate the randomization schedule.
Patient Specific Functional Scale
The PSFS was developed to assess individual functional status with items that were specifically chosen by the patient [29] . Good validity, reliability and responsiveness have been shown in patients with neck, low back and various hand pathologies [7, 10, 17, 25, 26, 29, 36] . Patients were asked to identify three activities or tasks that they were unable to perform or had difficulty performing (Fig. 1) . The degree of difficulty was indicated on a 10 cm visual analog scale (VAS) from 0 to 10; where 0 = unable to perform activity and 10 = able to perform the activity at a preinjury level. The VAS was measured to indicate a score for each item and the mean value for the three items was recorded as the PSFS score. A lower score indicated more functional limitation.
DASH
The DASH is a 30-item questionnaire to assess disability in patients with upper extremity musculoskeletal disorders [2, 13] . Each item is ranked on a 5-point Likert scale and a normalized score was calculated from these responses. A higher DASH score reflects a higher level of disability. Good psychometric properties of validity, reliability and responsiveness have been shown for the DASH [2, 11, 13] . As recommended by the developers of the DASH, missing single item values were replaced by the mean score for that item [2, 13] . In our study, no patient had more than two missing items.
SF-36
The SF-36 was used to assess health status [3, 8, 15, 16, 35] . There are eight domains (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, mental health), and two summary scores for the physical and mental components. Good validity and reliability have been reported for the SF-36 [3, 15, 16, 35] . A higher SF-36 score indicates better health.
The MPQ-sf was used to assess pain [18, 19] The Pain Rating Index was calculated as the summation of scores from the selected pain descriptors and pain intensity was measured on a 10 cm VAS which ranged from 0 (no pain) to 10 (worst possible pain).
Pain Catastrophizing Scale
The PCS was designed to assess exaggerated negative thinking relative to the experience of pain [30] . Each item is ranked from 0 (not at all) to 4 (all the time) to indicate how the individual feels about each thought/feeling when in pain and higher scores indicate higher pain catastrophizing [30] . Good validity and reliability have been reported for this measure of pain catastrophizing [6, 9, 23, 24, 34] .
Pain Disability Index
The PDI was used to evaluate the impact of pain on activities of daily living [27, 32, 33] . The patient ranks each item from 0 (no disability) to 10 (total disability) and a higher score is indicative of higher pain disability. Good reliability and validity have been reported with the PDI [5, 27, [31] [32] [33] .
Data Analysis
Data were summarized as follows; for continuous data with means and standard deviations and for categorical data with frequency counts. Correlations were used to assess the relationship between the PSFS and the questionnaire scores (DASH, pain rating index, pain intensity, PCS, PDI, SF-36), patient age and time since injury. The PSFS was compared using t-tests for these independent variables; gender (male vs. female) and workers' compensation or litigation involvement (yes vs. no). A one-way analysis of variance (ANOVA) was used to compare the PSFS scores between the nerve injured categories (brachial plexus, single shoulder nerve, median/ulnar/radial nerve or digital nerve injuries) and between the work status categories (employed, unemployed or retired/student/homemaker). If a significant main effect was found (p<0.05), a Tukey's post hoc analysis was used.
Patient Specific Function Scale
List 3 items that you are unable to perform or have difficulty with. Mark the degree of difficulty from zero to ten (with zero being unable to perform activity and 10 being able to perform the activity at a pre-injury level). Linear regression analysis (backward manual elimination) was used to evaluate the variables that were associated with the PSFS scores. Using manual backward elimination, removal of variables was based upon the beta coefficient p-value and the final model included those variables with a p-value of 0.1 or less. The sample size of 157 patients provided sufficient power (0.8) for the regression analysis; one main dependent variable (PSFS) and ten patients per predictor variable (fewer than 15 variables in the preliminary model) [20] . Statistical analyses were performed with SPSS (Version 15.0 for Windows, SPSS Inc., Chicago, IL, USA).
Results
Relationship Between PSFS and Disablity, Pain and Patient Factors
As indicated by the mean values, high levels of functional limitations, disability and pain were reported ( Table 1) . The specific items identified in the PSFS were variable and ranged from fine dexterity items (such as typing, writing, tying shoes, etc.) to overhead activities to sports, work and housekeeping items. The correlation between the PSFS and the DASH scores was moderate (r=−0. 37) indicating that patients with impaired function as assessed by the PSFS had high levels of disability (Table 2 ). There was a weaker correlational relationship between the PSFS and the PDI, pain intensity and MPQ-sf pain rating index (Table 2 ). There were significant correlational relationships between the PSFS and the SF-36 role physical domain (r=0.33) and SF-36 physical component score (r =0.27) and no statistical relationship with the SF-36 mental component score (r=0.08, p=0.35), age (r=−0.09, p=0.27) or time since injury (r=0.11, p=0.18). There was no statistically significant difference in the PSFS between genders (male vs. female) or between patients with workers' compensation or litigation and those with no compensation or litigation (Table 3) . The one-way ANOVA main effect comparing the PSFS between four nerve groups (brachial plexus, single shoulder, median/ulnar/radial, digital) was statistically significant (F=8.9, df=3, p<0.001; Fig. 2) . The post hoc analysis revealed that patients with brachial plexus nerve injuries had significantly lower PSFS scores than patients with median/ulnar/radial nerve injuries and digital nerve injuries which indicated more functional impairment in the patients with brachial plexus nerve injuries (p=0.001). Similarly, for the DASH scores, the one-way ANOVA main effect between four nerve groups was statistically significant (F=7.9, df=3, p<0.001; Fig. 2) ; brachial plexus nerve injuries reported higher disability than patients with median/ulnar/radial nerve injuries and digital nerve injuries.
The preliminary linear regression model to investigate the variables that predicted the PSFS included the following independent variables; gender, age, employment status, workers' compensation/litigation, dominant hand affected, time since injury, nerve injured, pain intensity, MPQ-sf pain rating index, SF-36 physical component score, SF-36 role physical score, DASH, PCS and PDI. The final model accounted for 20.7 % of the variance and independent variables were the DASH (Beta=−0.317, p<0.001), nerve injured (Beta=0.223, p=0.005) and age (Beta=0.125, p=0.098).
Discussion
This study provides evidence for the construct validity of the PSFS in patients with upper extremity nerve injury. The PSFS was moderately correlated with the DASH which is a validated measure of upper extremity disability. The DASH scores indicated significantly higher levels of disability in patients with brachial plexus injuries compared to distal nerve injuries. As we hypothesized, the PSFS scores were significantly lower in patients with brachial plexus injuries which indicated a lower level of function in these patients compared to patients with digital nerve injuries and median, ulnar or radial nerve injuries. Because the PSFS is easily completed and scored, it was our impression that the PSFS presented less burden to the patients to complete and examiners to score compared to other self report questionnaires.
Standardized questionnaires such as the DASH provide the opportunity to assess the construct of disability and because standard items are completed by all patients, comparison of scores between patients is meaningful. These types of questionnaires therefore are excellent outcome measures to represent group results and comparisons. Because standard questionnaires contain items that have been carefully selected by the developers, all items may not be relevant to every patient and the importance of items may Fig. 2 Relationship between PSFS, DASH and Level of Nerve Injury. The PSFS scores were measured on a 10 cm visual analog scale and these values were converted to millimeters to present the data comparison with the DASH scores (0-100). There was a statistically significant main effect difference with both the DASH and PSFS (p<0.001).
Post hoc analyses revealed that brachial plexus injuries had significantly higher DASH scores and lower PSFS scores compared to digital and median/ulnar/radial injuries differ between patients. The PSFS allows the selection of items that are relevant on an individual basis. In our study, the mean PSFS was 3.1 which was lower than previously reported in a group of patients with multiple upper extremity pathologies (mean PSFS 4.4). In our study, the mean DASH score was 44.1, which indicates a high level of upper extremity disability compared to the US normative value (10.1±14.9) previously reported [14] . Our study of patients with nerve injury supports previous studies which have provided evidence of validity of this measure in patients with upper extremity pathologies [12, 17, 28] . In patients with upper extremity nerve injury we found high levels of disability as measured by self-report particularly in patients with brachial plexus nerve injury. There were moderate correlations between the PSFS and the DASH and the SF-36 role physical score and a weaker correlation with the PDI. Gross et al. evaluated the PSFS in workers' compensation claimants who were diagnosed with musculoskeletal disorders [10] . A moderate correlation was reported between the PSFS and the PDI and SF-36 physical role scale. In patients with a variety of upper extremity pathologies, McMillan et al. [17] reported a mean PSFS 4.4 and in our study of patients with nerve injury, we found higher levels of functional limitations (mean PSFS 3.1). Chatman et al. [4] evaluated patients with lower extremity dysfunction related to the knee and reported moderate correlations with the PSFS and SF-36 domains related to physical function. These relationships were similar in our study of patients with upper extremity nerve injury; moderate correlations with the SF-36 role physical domain and physical component score.
The limitations of this study include a cross-sectional study design and small sample sizes in each group of upper extremity nerves injured. The cross-sectional study design assessed a single point in time at various durations following nerve injury. Because only a single time point was assessed, we were unable to investigate the responsiveness of the PSFS. While our study did show good construct validity for this measure, establishment of responsiveness is an important psychometric construct and future investigation is necessary to assess the responsiveness of the PSFS after upper extremity nerve injury. In this study, we included patients with injuries to the brachial plexus, ulnar, median, radial and digital nerves and single nerve in the shoulder region. Statistical analysis with the ANOVA revealed a significant difference between groups which provided evidence of the validity of the PSFS. However, the small sample sizes in the specific nerve groups limited the subanalyses that could be performed. Further investigation is necessary to evaluate differences in the PSFS that may exist in specific nerve injuries.
The PSFS provides a method to assess individual functional limitations, provides the opportunity for selection of items that are patient specific and in the future may be used to guide specific therapy bridging the outcomes measure with clinical care. This measure can be completed and scored in a shorter period of time than the DASH and overall patients preferred the PSFS compared to the DASH. For individual assessment, the PSFS will capture the patient specific performance because the patient identifies items specific to their function and for group comparisons, the DASH may be preferable because standard items are assessed in a composite normalized score. We believe that the PSFS may be used in conjunction with the DASH and both questionnaires are useful for assessment of upper extremity functional limitations and disability.
